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ABSTRACT 

Discussion of t h e  re la t ionship  between t h e  

v i scos i ty  l a w s  of a per fec t  gas and equilibrium 

d i s soc ia t ing  air. It is  shown t h a t  i f  t h e  en tha lp ies  

and v e l o c i t i e s  on the outer boundary of t h e  boundary 

l a y e r  and t h e  w a l l  enthalpies f o r  a p e r f e c t  gas and 

f o r  equilibrium dissoc ia t ing  air  coincide, then t h e  

f r i c t i o n  and heat-transfer c h a r a c t e r i s t i c s  coincide 

f o r  both v i s c o s i t y  laws. 

It w a s  shown i n  (Ref. 1 )  t h a t  when an i nves t iga t ion  is  made of t he  /971* 

gas boundary l a y e r  on a p l a t e  w i t h  a constant P rand t l  number and t h e  

v i s c o s i t y  l a w  

t h e  so lu t ions  obtained f o r  t he  boundary l aye r  of a pe r fec t  gas w i t h  t h e  

v i s c o s i t y  l a w  

* Note: Numbers i n  t h e  margin ind ica te  pagination i n  the  o r i g i n a l  fore ign  
text. 



may be employed. 

i -- gas enthalpy. 

H e r e  p is  the  density; 1.1 -- v i scos i ty ;  T -- temperature; 

The f i g u r e  shows t h e  dependence of vp/p (p -- pressure) on the  

enthalpy and pressure  according t o  d a t a  given i n  (Ref. 2) (upper curves), 

and (Ref. 3) (lower curves). Although t h e  d a t a  i n  these a r t i c l e s  d i f f e r  

considerably ( f o r  l a r g e  en tha lp ies  t h e  v i s c o s i t y  i s  20X higher i n  Soviet 

da t a ) ,  they are c lose ly  approximated by t h e  dependence 

(3) p p / p  13 C-”, 

f rm which (1) follows. 

An approximation of (3) i s  a l so  shown i n  t h e  f i g u r e  by the  dots. If 

[ P I  

t h e  following-on the  basis of  t h e  d a t a  given i n  (Ref. 2) :  C = 0 .88010-~ ,  

n = 0.685. 

C = 1.04.10-6, n = 0.635. 

kg sec2/m4, [VI = kg sec /m2,  [p] = kg/cm2, [i] = kcal/kg, we may f ind  

W e  may find t he  following on the  b a s i s  of d a t a  given i n  (Ref.3): 

An approximation of (3) closely represents  t h e  law of t h e  v i scos i ty  

These change i n  the  0.00. am3 p 3 100 am and i ,$ 10,000 kcal/kg range. 

en tha lp i e s  correspond t o  braking enthalpy during motion i n  t h e  atmosphere 

a t  v e l o c i t i e s  of V 6 10 km/sec. 

The boundary l a y e r  equations f o r  equilibrium d i s soc ia t ing  a i r  coin- 

c ide  i n  form with s i m i l a r  equations f o r  an i d e a l  gas, when t h e  tempera- 

t u r e s  are expressed by t h e  enthalpy. I n  t h i s  case, i f  we can assume 

t h a t  t h e  Prandt l  number i s  constant f o r  equilibrium dissoc ia t ing  air ,  

t h e  r e s u l t s  obtained i n  (Ref. 1) may be b r i e f l y  formulated as follows. 

I 9 7 2  

When t h e r e  is agreement between the values of t he  enthalpy and ve loc i ty  

a t  t h e  outer  boundary l aye r  edge and t h e  enthalpy a t  t h e  w a l l  f o r  an 
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i d e a l  gas and equilibrium d i s soc ia t ing  a i r ,  t h e  c h a r a c t e r i s t i c s  of 

f r i c t i o n  and hea t  exchange coincide f o r  both v i scos i ty  laws. 

f o r  a n  i d e a l  gas with t h e  v i scos i ty  l a w  (2 ) ,  i n  t h e  case of Tw = const 

For example, 

and P r  = const,  t he  f r i c t i o n  coe f f i c i en t  can be q u i t e  accura te ly  repre- 

sented i n  t h e  following form (Ref. 4 )  

( 4 )  I -* 
cf I/G 0,004 0,45 + 0.65 Tu $. 0,03 (7 - 1) Mf ).al --i-. c G 

This formula assumes t h e  following form f o r  equilibrium d i s soc ia t ing  

air  

c, mL - 0.w 0,45 j- 0,s - '50 + 0,m - 40 m3-F. [ 40 4u 

The equations of state are d i f f e r e n t  f o r  an i d e a l  gas and equilibrium 

d i s soc ia t ing  air. 

in f luence  of t h e  pressure gradient is  r e l a t i v e l y  small f o r  a g r e a t l y  cooled 

w a l l  (Ref. 5) (and t h e  equation of state i s  expressed i n  t h e  boundary l aye r  

through t h i s  term), t h e  conclusions presented above MY be approximately 

extended t o  t h e  boundary layer with pressure grad ien t .  

However, i f  allowance is  made f o r  t h e  f a c t  t h a t  t h e  

Similar conclusions may be drawn regarding t h e  boundary l aye r  of 
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equilibrium d i s soc ia t ing  air. 
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